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Abstract 
To control river regime change, systematic river training works have been built on the Lower Yellow River. However, 
with the operation of the Xiaolangdi Reservoir, great changes have taken place in the incoming water and sediment in 
the lower reaches, and the control effect of the river training works on the river regime has been weakened. Aimed at 
the abnormal river regime occurring in the Lower Yellow River, and considering the peculiarity of buttress locations 
in further works construction, this paper suggests constructing removable non-rescue submerged groins on the 
existing training works, and makes analysis of their locations and main design parameters, so as to further strengthen 
the control effect of river training works on the river regime while reducing the impact on flood control to the lowest 
possible level. 
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1. Advancing of the Structure Type of Removable Non-Rescue Submerged Groins 
The river training works on the Lower Yellow River were designed and arranged in accordance with 
median flood(4000m3/s) [1].  Since the Xiaolangdi Reservoir was put into operation in 2000, in the Lower 
Yellow River, median floods of over 4000 m3/s have occurred in somewhat less frequency, while floods 
of small discharge (about 1000 m3/s) have occurred more number of times and lasted for a long time [2]. 
The main stream at small discharge magnitude kept wandering within the channel with planned flood 
discharging width of 2.0 ~ 2.5 km, and abnormal river regime developed continuously in some reaches. 
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Under the circumstances, not only dangerous situations in small flow increased and the main stream was 
not controlled well, but also, in case of large flood, transverse river or rolling river are more probable, 
seriously threatening the groin safety of the lower reaches. 
As a structure type of extension of training works in the straight sections, submerged groins have been 
used in the works of Mazhuang, Wuzhuang and Shunhejie. The submerged groin refers to a kind of dams 
with scour protection on the crest that allow certain quantity of flood to overflow. Those existed 
submerged groins adopted the structure with wire mesh narrowing, filled with ripraps and wrapped with 
wire meshes. Though these works have played a good role in directing flow, with the actual operation, 
there have occurred a number of problems. Since the works cut into the main stream, they are vulnerable 
to scouring, and because they are more likely to be overflowed than other training works, this kind of 
works are easy to be in danger. Therefore, for coping with continuously occurring abnormal river regime 
in some reaches and problems in works construction in the straight sections of the planned works, to 
develop a removable and non-rescue submerged groin type will help further development of river training 
works construction in the Lower Yellow River. 
The removable non-rescue submerged groin is a new structure type that has been advanced just to solve 
the present river regime problems. The so-called removable non-rescue submerged groin specially refers 
to a kind of buttress that can been removed quickly and completely when they are not needed, that can 
keep stable without emergency tackling under design working condition, that can direct flow under design 
discharge and have little effect on flood discharging under median and large flood condition and that 
allows water to flow across the crest. 
2. Plain Layout of Removable, Non-Rescue Submerged Groins 
2.1.  General Works Layout 
Since the distribution of training works in the Lower Yellow River has been completed, and the 
distribution of bend section works have also been completed primarily, the main aim of the currently 
planned works is to further control river regime in cooperation with the existing works. On account of this 
situation, the plain layout of the planned works was arranged as shown in Fig. 1. 
Since the newly planned works will be located in the straight section, and their function is to further 
stabilize the main stream so that the main stream may be directly sent to the next works smoothly, and 
this kind of works, after completion, will narrowing flood discharging width, their crest elevation should 
be lowered as far as possible to reduce the effect on flood discharging. Therefore, their vertical cross-
section should be arranged as shown in Fig. 2. 
Since the planned non-rescue submerged groins are all located in the straight sections, if they are 
arranged perpendicular to the flow, it will be unfavourable for main stream control, and moreover, the 
main stream may go through the crotch at small flood. Therefore, the removable non-rescue groyne 
should be arranged as parallel groin type along the planned diversion line. 
 
Fig. 1. Plain layout of submerged groynes 
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Fig. 2 Vertical layout of submerged groins 
2.2.  Selection of Submerged Groins Works Plain Layout Schemes 
The prestressed reinforced concrete pile will be adopted for the submerged groins. As a kind of pile 
groin, comparison of Permeable and Impermeable Groin Schemes has been done. 
The impermeable pile groin usually adopts sheet pile wall. The wall body is usually made up of precast 
reinforced concrete sheet piles. When reuse is intended, precast prestressed reinforced concrete sheet piles 
should be used, whose body is usually rectangular. 
The permeable pile groin usually adopts round reinforced concrete caisson piles. The caisson piles 
currently widely used on the Lower Yellow River usually have central distance of 1.1 m, clear spacing of 
0.3 m and diameter of 0.8 m with permeable rate of 33% [3-4]. 
According to the comparison between impermeable and permeable pile groins, and based on the 
following reasons, it was decided to use the permeable pile groin type because the scour hole in front of 
the pile of the permeable pile groins is shallower than that of the impermeable pile groin, thus its stress is 
better than that of the impermeable groin, Also the permeable pile groins can play a good role in directing 
flow as the traditional groins and have good engineering adaptability. 
2.3.  Recommended Plain Layout of Removable Non-Rescue Submerged Groin  Works 
Since the removable non-rescue submerged groins can be removed when the works are no longer 
needed, the single-pile section should not be large, therefore, it was decided that the plain layout of the 
removable non-rescue submerged groins be arranged as follows: 
The permeable groin is adopted, arranged along the straight flow directing section of the diversion 
line, with single pile outer diameter of 0.5 m, clear spacing of 0.3 m and permeable rate of 37.5%.Factors 
such as removability and non-rescue, etc. considered, it is recommended that the prestressed reinforced 
concrete pipe pile be adopted for the submerged groin, whose cross-section is annular. This structure type 
can adapt to different flow conditions and save concrete material; adopting prestress technology can 
prevent cracks while the piles are being moved, installed and removed; the pipe piles can be prefabricated 
in the factory so that works quality can be guaranteed. 
3. Determination of Design Discharge for Removable, Non-Rescue Submerged Groins 
Design discharge is the most important parameter in the design of river training works, and in the 
design of river training, works design water level, design river width of the works reaches and river bend 
factors are all directly connected with design discharge. 
3.1.  Factors to Consider while Determining Design Discharge 
Removable non-rescue submerged groins are mainly constructed in the straight sections of the planned 
784  Liu Yun et al. / Procedia Engineering 28 (2012) 781 – 7854 Liu Yun ,Wang Baomin ,Li Yongqiang/ Procedia Engineering 00 (2011) 000–000 
bends and in temporary works built to deal with emergency. In works design, except for the factors 
considered for normal river training works design, the following restrictive factors should be considered. 
1) Requirement of Channel Discharging Capacity 
At present, river training of the Lower Yellow River is aiming at median discharge. In design of river 
training works, an important design parameter is flood discharging river width. In the design of river 
training works on the Lower Yellow River, the flood discharging channel width usually ranges from 2.0 
to 2.5 km. Within the flood discharging width, water retaining structures are not allow to be built so that 
the river bed may be scoured severely and cut down for flood going through during flood periods. While 
the removable non-rescue submerged groins are constructed within the flood discharging width mainly 
due to the need to control river regime change, and in this case, the effect of newly-built works on large 
flood discharging should be considered as far as possible in works design. 
2) Requirement of Water-Sediment Exchange between Floodplain and Channel 
In recent years, due to decreased incoming water from the upper reaches and strengthening of reservoir 
regulation capacities on the upper reaches, chances of dangerous situation have decreased greatly, and 
hence the number of times the flood went over the floodplains. Due to decreased overbank flood, water-
sediment exchange between channel and floodplain has been reduced, causing the main channel of the 
Lower Yellow River to continuously silt and rise, going gradually higher than the floodplain and forming 
the adverse condition of secondary suspended river. Whether the design discharge of the river training 
works is rational and whether the elevation of the works groin crest than that of the floodplain also have 
direct effect on the chance of water-sediment exchange between floodplain and channel. Therefore, the 
effect on water-sediment exchange between floodplain and channel is also an important factor in further 
carrying out river training and determining design discharge of works rationally. 
3.2.  Determination of Design Discharge 
At present, in the river training scheme in accordance with median discharge on the Lower Yellow 
River, the design discharge adopted in river training works design is 4000 m3/s. The design discharge was 
determined mainly according to the bankful discharge. The environment where the removable non-rescue 
submerged groins work and the future incoming water and sediment conditions considered, it is not 
suitable to still choose this discharge as the design discharge. 
While determining design discharge for submerged groins, on the one hand, the requirement of river 
training should be given full consideration, on the other hand, the effect of submerged groins construction 
on flood discharging and water-sediment exchange between floodplain and channel should be reduced to 
the lowest possible level. Therefore, in determination of design discharge, the above-mentioned two 
requirements should be both considered. The design discharge is derived with two calculation methods. 
1) Sediment runoff method. The sediment runoff at different discharge magnitudes is calculated 
respectively. The river width for training used in the calculation is derived from the formula B=kQ0.5, the 
river width at median flood is derived by averaging the river widths at observed bankful discharge at 
Huayuankou from 1986 to 2005, and the average rive width is 1678 m. Li Yongqiang[5] et al. calculated 
the design discharge using  sediment runoff method according to the observed data from the Lower 
Yellow River. As a result, the discharge of 800m3/s had a relatively long duration and its discharge of 
sediment runoff was also relatively large.  
2) Bankful Discharge method. To help analyze channel changes of the Lower Yellow River, YRCC 
have been arranging channel cross-section measurement before and after flood period each year. 
According to the observed cross-sections, the typical channel cross-sections since 1996 were taken as the 
basis for calculation of the low water channel. The main channel had roughness n of 0.015 and bed 
gradient i of 0.00019, and the bankful discharges corresponded to by the low water channel estimated as 
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uniform flow with the observed cross-sections averages 820m3/s. 
According to above analysis, adopting 800m3/s as the design discharge of submerged groins. Since the 
crest of non-rescue submerged groins  allow certain quantity of flood to overflow, the design crest level 
of submerged groins are equal to the corresponding level if design discharge. 
4. Experimental Project 
In May 2009, a 50-m-long removable non-rescue submerged groin was built near the Nanguotou 
Control Works on the Lower Yellow River, and a pipe removal experiment was carried out smoothly. 
During the water and sediment regulation period in 2009 when the flood discharge exceeded 4000 m3/s, 
the floodplain north of the experimental project was continuously caved in by the river water, while the 
experimental project neared the flow in time and successfully stood the test of flood impact. 
5. Suggestions 
The research of application of the removable non-rescue submerged groin is a special industrial 
research project for public good of the MWR. Since the pilot projects were carried out on the floodplain 
and experiment has not implemented in water, whether the works can be constructed smoothly under 
different working conditions has yet to be verified. Meanwhile, due to small scale of the pilot projects, its 
overall benefit has to be further verified. In future work, on the one hand, the main design parameters 
should be further improved and optimized, and on the other hand, further observation of the pilot projects 
has great significance for the project popularization. 
6. Conclusion 
According to the change of actual incoming water and sediment in the Lower Yellow River and the 
forecast of future water and sediment conditions in the Lower Yellow River, and with the real problems 
faced by the river training of the Lower Yellow River considered, it is proposed that the removable non-
rescue submerged groin is an ideal river training works type. According to the experimental projects, the 
works can primarily attain the design goal, solving well the problems of controlling river regime at small 
flow and avoiding the effect on large and medium floods. 
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